Summary. In ovariectomized non-pregnant ewes myometrial activity, which was suppressed by continued injection of progesterone, showed a significant recovery of both spontaneous activity and oxytocin responsiveness by 12 and by 24 h after i ntra\x=req-\ uterine administration of oestradiol-17\g=b\. No such recovery occurred in ewes given vehicle only into the uterus. The oestrogen-induced recovery was lost by 60 h after treatment. Infusion of PGF-2\g=a\into the uterine lumen instead of oestrogen provided no support for the possibility that the oestrogen-induced recovery was mediated through PGF-2\g=a\secretion. It is suggested that oestradiol may participate in the mechanism of parturition in sheep by accelerating myometrial recovery from the effects of progesterone.
Introduction
Treatment of the ovariectomized non-pregnant ewe with progesterone results in an inhibition of spontaneous myometrial activity and a marked suppression of the uterine response to oxytocic agents (Lye & Porter, 1978) , i.e. a classic progesterone 'block' (Csapo, 1956) . As plasma and myometrial progesterone concentrations are high in the ewe during pregnancy (Bassett, Oxborrow, Smith & Thorburn, 1969; Fylling, 1970; Stabenfeldt, Drost & Franti, 1972) it seems likely that this hormone is responsible for the marked reduction in mechanical and electrical activity of the myometrium in the pregnant sheep (Hindson & Ward, 1973 ¡Mitchell & Flint, 1978  Lye, 1980; Harding et al, 1982) .
Plasma progesterone concentrations decline at term and although there is much variation in the time during which this occurs it is often abrupt and labour may start before progesterone is fully cleared from the circulation (Bassett et al, 1969; Fylling, 1970; Stabenfeldt et al, 1972; Thorburn, Nicol, Bassett, Shutt & Cox, 1972; Rawlings & Ward, 1976 . The onset of significant myometrial mechanical activity is only observed some 12-24 h before parturition (Hindson, Schofield, Turner & Wolff, 1965; Rawlings & Ward, 1976;  Lye, 1980) , but thereafter it develops rapidly. On the other hand, Lye & Porter (1978) found that in the non-pregnant ewe the recovery of the myometrium from the inhibitory effects of progesterone is protracted (about 6 days) despite rapid clearance of progesterone from the peripheral plasma. These apparently divergent findings suggest that the evolution of labour contractions in the sheep is not accomplished solely by the with¬ drawal of the action of progesterone consequent upon a decline in the secretion of the steroid, but that a mechanism may operate which actively accelerates the recovery of the myometrium.
A possible participant in such a mechanism is oestradiol-17ß which, in its unconjugated form, increases abruptly in the plasma just before parturition in ewes (Challis, 1971 were treated with 13 µg PGF-2a (I.C.I., Alderley Edge, Cheshire, U.K.) in 0013 ml 10% ethyl alcohol in saline/min for~8 h and (b) 2 ewes received 27 µg PGF-2a in 0-013 ml 0-9% benzyl alcohol in saline/min for 6 h. Intrauterine pressure was monitored throughout and the response to oxytocin (500 mu. i.v.) was recorded before, and at the end of the PGF-2a infusion. In addition, 2 ewes were given 'maintenance oestradiol-17ß' injections but without progesterone and received intrauterine infusions of 10% ethyl alcohol in saline (i.e. vehicle for PGF-2a) at the rate of 0-013 ml/min for 4 and 12 h respectively. IUP was recorded at regular intervals thereafter.
During these experiments some animals were used in more than one group, and in these cases at least 4 days were allowed to elapse after full recovery from the progesterone treatment of one experi¬ mental protocol before the start of the next. Animals were only subjected to further treatments if their 'spontaneous' myometrial activity and responses to oxytocin were normal as defined by Lye & Porter (1978) .
Plasma progesterone measurements
Blood samples were taken from 6 ewes in each of Groups I and II at 0, 12 and 24 h after the initial intrauterine oestradiol treatment and from 5 ewes in Group IV before and at the end of the PGF-2a infusion. Progesterone titres were measured in all samples by radioimmunoassay. The details of the assay are reported elsewhere (Wathes & Porter, 1982) . The sensitivity was 4 pg/tube and the inter-and intra-assay coefficients of variation were 12-6 and 10-7% respectively.
Analysis of IUP records
The records for animals in Groups I-IV were divided into 10-min segments and analysed for frequency and maximum amplitude of IUP cycles during the 30 min before and the 30 min after the oxytocin or PGF-2a administration. An IUP cycle was arbitrarily defined as a change in IUP in which the pressure increased by at least 10 mmHg above resting (i.e. inter-cyclic) pressure and then fell by at least 10 mmHg. The resting pressure was also measured at 1, 2, 3, 4, 5, 10, 20 and 30 min after administration of oxytocin or PGF-2a and expressed as the incremental change (in mmHg) from the mean resting pressure recorded during the preceding 30 min. Data were subjected to an analysis of variance or to a Student's t test (Armitage, 1971) to test for statistical significance.
Results are expressed as means ± standard error of the mean. Unless otherwise stated all times are related to t = 0 h as defined above.
The records from Group V were also analysed for frequency and for maximum amplitude of IUP cycles at 0,2,4,6, and, when possible, 8 h after the beginning of the infusions. The response to oxytocin was analysed as described above, before and at the end of the infusion period. No statistical analysis was performed on the data from this group.
Results
During progesterone treatment all ewes in all groups exhibited a loss of spontaneous uterine activity and responsiveness to oxytocin as previously reported (Lye & Porter, 1978) : the amplitude of IUP cycles declined to < 10 mmHg and almost no uterine mechanical response could be elicited to i.v. injections of oxytocin (Text- fig. 1 (Text-fig. 1 ). Group IV. There was no significant difference between the sub-groups treated with ethyl alcohol or corn oil in frequency of IUP cycles or increase in resting pressure, and these data have therefore been pooled. There was no increase in spontaneous myometrial activity or responsiveness to oxytocin in the progesterone-treated ewes receiving vehicle injections, throughout the 24 h of the experiment. There was a slight elevation of the mean resting pressure (6-9 mmHg) during the 30 min after oxytocin injections at each of the times tested.
Group V. The results from animals in sub-groups (a) and (b) appeared similar and are considered together. Although the infusion of PGF-2a caused an increase in frequency during the 6-h treat¬ ment, from 0-7 ± 0-4 IUP cycles/10 min to 3-3 ± l-4at2h,4-0± 1-4 at 4 h, and 5-3 ± l-3at6h,no significant differences were observed in the frequency or resting pressure responses to 500 mu. oxytocin i.v. before or after the PGF-2a infusion. Plasma progesterone titres in the ewes in this group were 3-0 ± 0-29 ng/ml before and 2-9 ± 0022 ng/ml at the end of the PGF-2a infusion.
Intraluminal infusion of 10% ethyl alcohol in saline in 2 ovariectomized ewes receiving 'maintenance oestrogen' only had no effect on spontaneous IUP cycles, or on the uterine responsiveness to oxytocin (500 mu. i.v.).
Plasma progesterone titres
Progesterone concentrations in blood samples (n = 6) taken at 0, 12 and 24 h after treatment were 2-0 ± 0-3, 2-2 ± 0-3 and 21 ± 0-2 ng/ml in ewes receiving intrauterine oestrogen (Group I) and 1 -9 + 0-2, 20 + 0-2 and 1 -8 ± 0-3 ng/ml respectively in ewes receiving intrauterine injections of vehicle only (Group IV). None of these values differed significantly. It might be objected that the dose of oestradiol was 'pharmacological' but, in normal pregnancy (which this experiment was designed to simulate) the source of oestradiol at term is the placenta (Fevre, 1967; Bedford, Challis, Harrison & Heap, 1972) and in order to produce peripheral plasma titres of oestradiol exceeding 100 pg/ml it must be synthesizing considerable quantities of this steroid. Indeed the data of Challis, Harrison & Heap (1973) suggest that production rate during labour may amount to more than 1-5 mg/24 h of oestradiol-17ß plus a probably greater quantity of oestrone. It is likely that this would reach the myometrium in high concentrations, since Porter (1968) showed that another steroid (progesterone), when delivered intraluminally, was able to affect the myometrium by a local route.
The lack of significant change in plasma progesterone titres throughout the experiments confirms that the changes in myometrial behaviour cannot be attributed to a withdrawal of progesterone. A similar increase in myometrial activity and responsiveness without a fall in plasma progesterone titres was reported in pregnant ewes given stilboestrol (Liggins, Grieves, Kendall & Knox, 1972) . Other workers have reported a stimulatory action of stilboestrol during late pregnancy in ewes (Hindson, Schofield & Turner, 1967; Cahill, Knee & Lawson, 1976 (Alexandrova & Soloff, 1980) and the number of gap junctions between uterine smooth muscle cells (Garfield, Rabideau, Challis & Daniel, 1979; Wathes & Porter, 1982) , stimulation of actin and myosin formation in the myometrium (Caspo & Corner, 1952) and augmenting myometrial blood flow (Rosenfeld, Morris, Battaglia, Makowski & Meschia, 1976) . The relative contribution of these factors, or of others as yet unknown, cannot be estimated from these experiments.
These results therefore provide justification for postulating that oestradiol, which is markedly elevated in the plasma pre partum, participates in the initiation of normal parturition by accelerating the recovery of the uterus from the effects of progesterone so that recovery is faster than could occur merely as a result of waning placental output of this steroid. Whether or not such a mechanism is essential for labour is uncertain because Kendall et al (1977) have reported that parturition occurred without an increase in maternal oestrogen titres when hypophysectomized lambs were infused in utero with ACTH. However, Ricketts, Sheldrick, Lindsay & Flint (1980) were unable to confirm this finding. Rawlings, Pant & Ward (1978) found that ewes passively immunized against oestrogens were able to deliver normally, but this study does not conclusively exclude the participation of oestrogens in normal ovine parturition because, as the authors them¬ selves point out, a locally operating mechanism involving oestrogen would not have been excluded.
